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$m$ 1 .
$Y_{i}= \sum_{j=1}^{nl}S_{ij}+z_{i}.,$ $i=1,2,$ $\cdot$ .
$1\leq j\leq m$ $S_{j}=\{S_{ j}.; i =1,2, \cdots\}$ $j$
., $\mathrm{Y}=\{\mathrm{Y}_{\dot{f}}.ji =1,2, \cdots\}$ {?}
$Z=\{Zi.ji=1,2, \cdot. .\}$ .
$S_{j}$ , $S_{j}$ $z$ .
$d1_{\acute{j}}$ ., $z1_{\acute{j}}$ $z$ .’
$S_{j}$ $j$ $S_{\dot{\nu}j}.\cdot$ $\grave{\sqrt}’.\cdot i$ $\mathrm{Y}_{1},$ $\mathrm{Y}_{\sim},,$ $\cdots$ , $\mathrm{Y}_{\dot{\dagger}-1}$
. .
$\frac{1}{n}\sum_{i=1}^{n}E[S_{j}^{\underline{)}}\dot{.}\cdot.]\leq P_{\mathrm{j}},$ $1\leq j\leq m$ .
(capacity region)
Keilers [4] . $rn$
$n$ $?n$ ] $\backslash /\triangleright$ ( $\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{e}$ vector)




$\Gamma$ $\{1, 2, \cdots, m\}$ , $I\mathrm{f}_{\mathrm{s}_{i}\mathrm{L}}^{(71)},$
.
$S_{j}^{(\mathrm{f}l.)}=$ ( $S_{1j},$ $S_{-j},,$ $\ldots,$ $S$nj)
$\frac{1}{n}T?\cdot[I\dot{\mathrm{i}}_{\mathrm{L}}](\mathrm{h}_{J}^{1}’|)\leq P_{j}$, $1\leq j\leq m$
[$\backslash$
Pombra and Cover [6] G : ( $\mathrm{A}$ ‘ Ordenlich
[\={o}] .
$\sum_{j\in\Delta}R_{j}\leq\frac{1}{2n}\mathrm{l}\mathrm{o}\mathrm{g}’\frac{|I\mathrm{f}_{\Sigma S_{i}-\Sigma S_{j}+\mathit{7}_{\mathrm{J}}}(|.)|i\in\Delta j\in\overline{\Delta}\cap\Gamma}{|K_{7}^{(\cdot\iota)}|},$
’ (1)
$\Delta,$ $\Gamma$ $\{1, 2, \cdots, m\}$ $\Delta\subset\Gamma$ .
$\overline{\Delta}=$
$\{1,\underline{9}, \cdots, \uparrow n\}-\Delta$ .






$C_{n}$.( $P_{1},$ $P_{\underline{9}},$ $\cdots,$ $P$f’|.) (total capacity)
$\Gamma=$ $\{1,2, \cdots, m\}$ (2)
$\sum_{j\in\Gamma}R_{j}=\sum_{j=1}^{t\mathrm{t}}.R_{j}$
. $\overline{C}_{r’.\Gamma l}$, ?(P1, $P_{\underline{9}},$ $\cdots,$ $P$,’1.) .
$\Gamma\subset$ $\{1,\underline{\circ}, \cdots, m\}$ $\sum_{j\in\Gamma}R$, $\overline{C}_{1\iota,\Gamma\prime B}(P_{1}, P_{\sim},, \cdots P_{|\Gamma|}))$
$\Gamma$-total capacity .
2 Ordentlich




$P.,(.)\leq\overline{C}_{lFJ}.,$ (P1, $P_{-},,$ $\cdots,$ $P_{\mathrm{I}1}.$ ) $\leq 2\overline{C}_{l1}$ (P1, $P\underline,,$ $\cdots,$ $P_{f},,.$ ).
Ordentlich [5] .
Proposition 2
$C_{\iota}.$. $(P_{1}, P\underline,, \cdots, P,,,.)\subset C_{\mathrm{r}}(P_{1}, P_{\sim}.,, \cdots, P.,,.)\subset\underline{9}C_{1},(P_{1}, P_{2}, \cdots, P_{2’ l})$.
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$\mathrm{O}\iota \mathrm{l}\mathrm{t}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{e}$ of Proof.
$R( \Delta)=\sum_{j\in\Delta}.\cdot R$j, $S( \Delta)=\sum_{j\in\Delta}S$j
$\Delta\subset\Gamma$ $R$ (\Delta )
$\frac{1}{2^{|\Delta|}}\sum_{\Delta\subset\Gamma}R(\Delta)=\frac{1}{2}R(\mathrm{F})$ .

















$0<’.1\leq?.-,$ $\leq|.$ . $\leq’\cdot.,,$. $/(,,”)$ { , $k.(\leq?\mathit{1},)$ $rxP+r_{1}+r_{-}|’+\cdots-\tau r_{\mathrm{A}:}>|.k?_{k}$.
.
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C7 :\Gamma ’ $\mathrm{o}(P)$
. .,
. Cover and Pombra[2]1 .
Proposition 4
$C_{n}(P)\leq C_{\}\Gamma l?}.,,(P)\leq 2C,,(P)$ ,
$C_{f},(P)\leq C_{\mathit{7}\mathrm{t}.l\cdot/;}.(P)\leq C_{\mathrm{r}1}(P)+\underline{\frac{1}{9}}\log 2$.
$\alpha$-bound Chen and Yanagi [1]
.
Proposition 5 (1): (2) .
(1) $\alpha>0$ $P>0$ .
$C_{1},.(P) \leq C_{l\Gamma\prime}.,/;(P)\leq(1+\frac{1}{\alpha})C_{f},(\alpha P)$ .
(2) $C_{\tau}(P, \alpha)=(1+\frac{1}{\alpha})C_{l}..(\alpha P)$ (a): (b) .
(a) $G(P^{*}, 1)= \min_{\alpha->0}G(P^{*}, \alpha)$ $P^{*}>0$ .
(b) $P\neq P^{*}$ $G(P, \alpha)<G$ (P, 1) $\alpha>0$ .
Proposition 6 (1). (2) .
(1) $\alpha>0$ $P>0$ .
$C_{\iota},(P) \leq C_{l}.,\Gamma^{t}l?(P)\leq C_{l}.(\alpha P)+\frac{1}{2}\log(1+\frac{1}{\alpha})$ .
(2) $F$ (P, $a^{l}$ ) $=C_{l}.($ \mbox{\boldmath $\alpha$} $P)+ \underline{\frac{1}{9}}\log(1+\frac{1}{\alpha})$ (a), (b) .
(a) $F(P^{*}, 1)=\mathrm{n}.1\mathrm{i}\mathrm{n}F(P^{*}, \alpha\alpha>0)$ $P^{*}>0$ .
(b) $P\neq P^{*}$ $F$ (P, $\alpha$ ) $<F$ (P, 1) $\alpha>0$ .
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4 $\alpha$-outer bound
Ordentlich [5] 1 Proposifion 2 $\alpha$-Outer
bound .
Theorem 1 $\alpha>0$
$C_{\mathit{7}l}$ (P1, $P_{-},,$ $\cdots,$ $P_{\mathrm{r}\nu\iota}$ ) $\subset C_{n.,\Gamma\prime t}$?(P1, $P_{-},,$ $\cdots$ , R7 )\subset (l+-\mbox{\boldmath $\alpha$}l)Cn(\mbox{\boldmath $\alpha$}P1, $\alpha P_{2},$ $\cdots,$ $\alpha P_{m}$ ).
Outline of Proof. $\Delta$-total capacity .
$\overline{C},,,Fr\mathit{3}$ (P1, $P_{2,|\Delta|}\ldots,$$P$ ) $= \max R(\Delta)$ ,
$\Delta\subset\Gamma$ .
$R( \Delta)=\frac{1}{2n}\mathrm{l}\mathrm{o}\mathrm{g}’\frac{|I\mathrm{f}_{6(\Delta)-\acute{S}(\overline{\Delta}\cap\Gamma\rangle+Z}^{(\cdot\prime.\rangle}|}{|I\mathrm{t}_{\mathit{7}\lrcorner}^{(}|}$.
$\frac{1}{n}T?\cdot[I_{1_{6_{j}^{\iota}}}^{(l1)}]\leq P_{j}$, $1\leq j\leq m$ .
$\alpha>0$ $P>0$ .








$\overline{C}_{fl,\Gamma B},(P_{1}, P_{2}., \cdots, P_{|\Delta|})$
$=$
$\sum_{j_{\vee}\epsilon\Delta}\frac{1}{|\Delta|}\overline{C}_{n.l1^{\backslash }}l\mathit{3}(P_{1}, P\underline,, \cdots, P_{|\Delta|})$
$\leq$
$\overline{C}_{l}$. . $\mathit{1}^{\tau}$’ll $( \frac{1}{|\Delta|}\sum_{j\underline{\in}\Delta}P_{/}.\cdot\cdot, \cdot. ., \frac{1}{|\Delta|}.\sum_{j\underline{\in}\Delta}P_{j}.)$
$=$
$\overline{C}$,,, $\mathit{1}\cdot$ .t $;(\overline{P},\overline{P}, \cdot . . , \overline{P})$
$\leq$ $(1+ \frac{1}{\alpha})\overline{C}_{l}’,$ ( $\alpha\overline{P},$ $\cdots,$ $\alpha$P)
$=$ $(1+ \frac{1}{\alpha})\overline{C},,(\alpha P_{1}, \cdots, \alpha P_{|\Delta|})$ .
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$=$ $\frac{1}{\underline{\circ}n}(1+\frac{1}{\alpha})\log\frac{|K_{\Sigma_{J}\in S_{j}\dotplus \mathit{7}_{J}}|^{\alpha/(1+\alpha)}\Gamma|I\acute{\iota}_{7}|^{1/(1+\alpha-)}\lrcorner}{|I\acute{\backslash }_{\mathit{7}}|},\cdot$
|It\acute 7d|\leq |K $\Sigma_{\mathrm{j}\in\Gamma}\mathrm{b}_{j}^{\gamma}-7,$ $|$
$\sum_{j\in\Gamma}$
” $\leq$ $\frac{1}{2,\iota}(1+\frac{1}{\alpha})$ $\mathrm{l}\mathrm{o}\mathrm{g}..\cdot\frac{|I_{\acute{1}\prime}\Sigma_{j\in 1^{\backslash \iota}}\backslash _{j}+/_{\mathit{4}}|^{\alpha/(1+\prime_{\wedge}\nu)}|I\acute{\iota},|^{1/(1+\prime v)}}{|I\mathrm{f}_{/_{J}}\prime|}.\cdot$
$\leq$ $\frac{1}{2n}(1+\frac{1}{\alpha})\mathrm{l}\mathrm{o}\mathrm{g}.\frac{|\frac{\alpha}{1+\alpha}I\mathrm{f}_{\Sigma_{j\in\Gamma}s_{j}+7_{J}}+\frac{1}{1+\alpha}I\mathrm{f}_{\alpha\Sigma_{j\in\Gamma J}-^{r_{\mathrm{J}}1}}s/}{|I_{\acute{1}^{r_{J}}}/|}.$
.
$=$ $\frac{1}{2_{ll}}(1+\frac{1}{\alpha})\log\frac{|\alpha I\acute{\backslash }\Sigma_{j\in 1^{\backslash }}\mathrm{L}\mathrm{s}_{j}^{\iota}+I\acute{\mathrm{i}}\prime/_{J}|}{|I_{1^{\nearrow}\prime}/_{\mathit{4}}|}$. (3)
$\Gamma$ $j$ } $1^{3\mathrm{O}\mathrm{W}’\mathrm{e}\mathrm{r}}$. (3)
.
$\frac{1}{\underline{9}n}(1+\frac{1}{\alpha})\mathrm{l}\mathrm{o}\mathrm{g}.\frac{||\Gamma|\alpha I\acute{\backslash }.\mathrm{v}\dagger|\Gamma|(|\Gamma|-1)\alpha I\acute{\backslash }\kappa_{1^{}}\mathrm{v}_{2}+\mathrm{A}_{\acute{d}}’\prime|}{|I_{\acute{1}’}/_{J}|}.$.
D=|r|\mbox{\boldmath $\alpha$}K $I\acute{\backslash }_{7r}$
$||$r $|\alpha$K$P\mathrm{Y}[perp]_{1}|$r $|$ ( $|$r $|-1$ ) $\alpha I\acute{\backslash }.\cdot \mathrm{v}_{1}x_{\sim}.,$ $+I_{\acute{1}’}/_{J}|$
$=$ $|D+|$r $|$ ( $|$ r $|-1$ ) $\alpha$K.$\kappa_{1\prime}$k$’.|\mathit{1}$
$=$ $|$ D1/2($I+|\Gamma|(|\Gamma|-1)\alpha$D-1/2K$x$ , $..\mathrm{t}_{2}^{\prime D^{-1/2})D^{1/2}|}$
$=$ $|$D$||I+|$ I $|$ ( $|$ I $|-1$ ) $ceD-1/2I_{\acute{1}\chi_{1}.\mathrm{Y}_{2}}.\cdot.D^{-1/_{\sim}}’|$ .
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$\sum_{j\in\Gamma}R_{j}$
$\leq$ $. \frac{1}{\underline{9}n}(1+\frac{1}{\alpha})\log\frac{||\Gamma|\alpha I\mathrm{f}_{\mathrm{Y}}+I_{17}^{\nearrow}|}{|I\mathrm{f}\prime\nearrow_{\lrcorner}|}$
,
$+ \frac{1}{\underline{9}_{?l_{\iota}}}$ $(1+ \frac{1}{\alpha})\log|I+|\Gamma|(|\Gamma|-1)\alpha D^{-1/}\underline’ I\acute{\backslash }x_{1}\mathrm{x}_{2}$D-1/2 $|$
$\leq$ $\frac{1}{\underline{9}\gamma l}(1+\frac{1}{\alpha})\log\frac{||\Gamma|\alpha I\acute{\mathrm{t}}.\acute{[searrow]’}+I\mathrm{i}_{/_{d}}\prime|}{|I_{1^{r_{\mathrm{J}}}}/|}$
.
$+ \frac{1}{2}(1+\frac{1}{\alpha})1\mathrm{o}$g{ $\frac{1}{r\tau}tr[I+\cdot$ $|$ r $|$ ( $|$r $|-1)\alpha D^{-1/\underline{?}}$K$x$1 $\chi_{2}.D^{-1/2}]$ }
$=$ $\frac{1}{\underline{9}n}(1+\frac{1}{\alpha})\log\frac{||\Gamma|\alpha I\mathrm{f}_{X}+\mathrm{A}_{7}’|}{|K_{7_{J}}|}$
,
$+ \frac{1}{2}(1+\frac{1}{\alpha})$ $\log\{1+\frac{|\Gamma|(|\Gamma|-1)\alpha}{n}tr[D^{-1/2}K_{X_{1}X_{2}}D^{-1/2}]\}$ .
$\overline{P}=\frac{1}{|\Gamma|}\sum_{j\in\Gamma}P$j .
$\overline{C}_{\mathfrak{l},\mathit{1}1lJ}.\cdot,(\overline{P}, \cdots,\overline{P})\leq(1+\frac{1}{\alpha})\overline{C},,(\alpha\overline{P}, \cdots, \alpha\overline{P})+T_{1}$ , (4)
$T_{1}= \frac{1}{2}(1+\frac{1}{\alpha})\log\{1+\frac{|\Gamma|(|\Gamma|-1)\alpha}{n}tr[D^{-1/2}I\mathrm{f}_{\lambda_{1}’X_{2}}. D^{-1/}\underline’]\}$ .








Lemma 1 J non-uhite additive noise multiple-access $c$hann,el
[ ]$\backslash J\triangleright$ ( $R_{1}$ , R , $\cdots,$ $R_{r},,$ ) achievable .





Lemma 1 $L=\alpha I$
$\sum_{j\in\Delta}R_{j}\leq\frac{1}{\underline{9}n}\log\frac{|I_{\acute{1}\prime}\Sigma_{j\in\Delta^{\mathrm{L}}}\dot{\mathrm{b}}_{J}^{1}-\Sigma_{j\in\Delta\cap 1^{\backslash }}r\nu_{\mathrm{c}}\dot{\mathrm{b}}^{1},+/_{J}|}{|I_{\acute{1}^{r}\nearrow\lrcorner}|}..\frac{1}{\underline{9}n}\log\frac{||\Gamma|\alpha I_{1_{\mathrm{Y}}}^{\nearrow}.\cdot+I_{17_{J}}’-|\Gamma|\alpha I\iota^{\nearrow}\backslash _{1}^{r}.\kappa_{\sim})|}{|I\mathrm{f}_{7_{J}}|},.\cdot$.
D=|r|\mbox{\boldmath $\alpha$}K $I\mathrm{i}_{\mathit{7}r}$
$\sum_{j\underline{\epsilon}\Delta}R_{j}$
$=$ $\frac{1}{9_{\sim}n}\log\frac{||\Gamma|\alpha I\mathrm{f}_{X}+I\acute{\mathrm{c}}_{7_{\mathrm{J}}}|}{|I\acute{\iota}_{7_{d}}|}+\frac{1}{2n}\log|I-|\Gamma|\alpha D^{-1/2}K_{X_{1}X_{\sim^{)}}}.D^{-1/2}|$
$\leq$ $\frac{1}{2n}\log\frac{|\Gamma|\alpha I\acute{\backslash }x+K_{/}r_{J}|}{|I\mathrm{f}_{7_{d}}|}+\frac{1}{2}\log\{\frac{1}{n}\mathrm{t}r[I-|\Gamma|\alpha D^{-1/2}I\mathrm{f}_{X_{1^{z}}\mathrm{Y}}\underline{.,}D^{-1/2}]\}$
$=$ $\frac{1}{2n}\log\frac{||\Gamma|\alpha I\mathrm{f}_{J\mathrm{Y}}+I\iota_{/_{J}}\prime|}{|I\acute{\backslash }_{7_{l}}|}+\frac{1}{2}\log\{1-\frac{|\Gamma|\alpha}{n}tr[D^{-1/2}K_{X_{1}X_{2}}.D^{-1/}\underline’]\}$ .








$\leq$ $\frac{1}{\underline{9}_{?l}}(1+\frac{1}{\alpha})\log\frac{||\Gamma|\alpha I\acute{\backslash }x+I_{\acute{1}’}/_{d}|}{|I_{1^{r_{I}}}/|}+\underline{\frac{1}{9}}(1+\frac{1}{\alpha})\log${ $I- \frac{|\Gamma|\alpha}{n}t?\cdot[D^{-1/2}I_{\acute{1}.\backslash _{1}’.\cdot\backslash \cdot)’\sim}.\cdot\cdot$D-1/2]}
$=$ $\frac{1}{\underline{\mathrm{o}}_{ll}}(1+\frac{1}{\alpha})\log\frac{||\Gamma|\alpha I\mathrm{t}.\acute{\backslash }\cdot+I_{1’/_{\mathit{4}}}|}{|I\mathrm{i}\prime/_{l}|}+T\underline{.,}$ , (5)
$arrow.\backslash \backslash$
$T_{\sim},$ $= \frac{1}{2}(1+\frac{1}{\alpha})\log\{1-\frac{|\Gamma|\alpha}{n}t’\cdot[D^{-1/2}I_{\acute{1}}x_{1}x_{B}.D^{-1/}\underline’]\}$ .
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$(4)_{:}$ (\={o}) $\text{ }\eta$
$\overline{C}_{l1}$
, $\Gamma|l\mathit{3}(\overline{P}, \cdots,\overline{P}|)\leq(1+\frac{1}{\alpha})\overline{C}_{n}$ ,(otP, $\cdot$ . , $\alpha\overline{P}$ ) $+$ min{71, 72}.
$sgnT_{1}=-sgnT_{-}$, $\min\{T_{1}, T_{-},\}\leq 0$ .
$\overline{c}_{l1,\Gamma\prime I3(\overline{P},\cdots,\overline{P})}\leq(1+\frac{1}{\alpha})\overline{C},.(\alpha\overline{P}, \cdot\cdot . , \alpha\overline{P})$ .
Remark 1 Tfieorem1
$\alpha=\alpha_{i}=\frac{l}{|\Gamma|-i},$ $0\leq i\leq|$ I $|-1$
[ 4 $\mathrm{a}$ $\alpha$ outer bound . } $\alpha$
, [ outer bound 4 $\mathrm{a}$
.
$\mathbb{R}$ dense subset $\alpha=fl$ . 2
$K,$ $L$ ( $L$ 0 $K-1$ ) $\alpha=\frac{\Gamma_{l}p}{\mathrm{A}’-I}$, .
$L=p,$ $I\iota^{\nearrow}=p+q$ $I\acute{\backslash }\geq l$ . $m$ user
$I\acute{\backslash }-m$ vidual users If $\mathrm{t}$\iota sers . $j$ $m+1$ $I\acute{\backslash }$
$virt\mathrm{c}\iota al$ users power constraints $\overline{P}_{j}$ . If users $\alpha$ LJ
sum-mte} 4 $\mathrm{a}$ upper bound .
$\overline{C}_{1}$., $Fl$? $( \overline{P}_{1},\overline{P}\underline,, . . . ,\overline{P}_{I\backslash }’)\leq(1+\frac{1}{\alpha})$ (7$\eta$ $(\alpha\overline{P}_{1}, \alpha\overline{P}\underline,, . . . , \alpha\overline{P}_{\mathit{1}\acute{\backslash }})$ .
$rn+1\leq j\leq I\acute{\backslash }$ ( $\overline{P}_{j}arrow 0$ $m$ us $ers$ upper bound .
Remark 2 Proposition 5
$\overline{G}_{\Delta}(P, \alpha)=(1+\frac{1}{\alpha})\overline{C},,(\alpha P, \ldots, \alpha P)$
(a). (b) .
(a) $\overline{G}_{\Delta}(P^{*}, 1)=\mathrm{n}1\mathrm{i}\mathrm{n}\overline{G}_{\Delta}(P^{*}, \alpha\alpha>0)$ $P^{*}>0$ .
(b) $P\neq P$” $\overline{G}_{\Delta}(P, \alpha)<\overline{G}_{\Delta}(P, 1)$ $\alpha>0$ .
$\Delta\subset$ $\{1,2, \ldots, m\}$
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